Introduction
The alimentary canal of fishes has attracted the attention of many workers.
However, the exact relationships between the structure and function are not yet fully understood.
The important publications in this field are Macallum (1884, '86) , Green (1912) , Dawes (1929) , Blake (1930, '36) , Rogick (1931) , Dharmarajan (1936) , Vanajaskshi (1938) , Curry (1939) , Sarabhat (1940) , Suyehiro (1934, '42) , Mohsin (1942, '44, '47) , AlHussain' (1947) and Mookerjee and Das (1946) . Practically all of them deal with the gross morphology of the alimentary tract and important histological features. Al-Hussaini (1949) , however, has also dealt with the mechanism of swallowing.
Recent workers on the functional morphology include Khanna (1963) , Mohsin (1962) , Hale (1965) , Rastogi (1966) , Krishnaswarup (1967) and Liem (1967) . The study of the , alimentary canal of Xenentodon was long over due. It is a purely carnivorous fish. Many times it swallows another fish which is but slightly less in length than itself. In many specimens the caudal fin of the prey was visible in the pharynx.
Naturally, Xenentodon shows a number of important adaptations different from other fishes. The functional aspect has been kept constantly in view and the discussion is provided at the appropriate places in the description itself.
Material and Method
The various tissues for the study of digestive system were studied by proper fixation, sectioning and suitable staining.
Both general as well as the specific stains were used for finding out the histological details of practically every tissue.
The different stains used in connection with the various tissues are as follows : Due to the shape of the body, the body cavity ( Fig. 1) is very much elongated. This is divided by a septum transversum into the anterior pericardial and posterior visceral cavities.
The pericardial cavity lies beneath the pharynx. The pericardial membrane, which encloses this triangular cavity, is supported above by the baso-, hypo-and the ceratobranchials and below by the pectoral girdle. It contains the pericardial fluid and lodges the heart, ductus cuvieri and the hepatic sinuses.
The visceral cavity which lies in the trunk extends from the pectoral girdle infront to the anus behind. The alimentary canal (ST. INT. Fig. 1 ), kidneys and other visceral organs (L., G. BL., A. BL., OVR. Fig. 1 and SPL. Fig. 2 ) lie in this cavity. The thin peritoneal membrane covers the various organs. Anterior part of the intestine and its associated structures are connected together by hepatic omentum.
Alimentary Canal
The entire length of the alimentary canal from tip of the snout upto the anus is about 3/4 of the length of the body. About 1/3 of the alimentary canal is meant for catching and swallowing the prey.
The alimentary canal of Xenentodon is divided into the following regions on the morphological basis : 1) Buccal cavity and pharynx ii) Oesophagus iii) Stomach-intestine iv) Rectum Jacobshagen (1911, '13 & '15 ) measured the intestine of several species of fishes and came to conclusion that the intestine is quite small in carnivorous fishes as compared to the herbivorous ones. According to him the ratio of the length of the intestine to the length of the body comes to 0.2 to 2.5 in carnivorous forms, 0.6 to 8 in omnivorous forms and 0.8 to 15 in herbivorous forms.
In Xenentodon the stomach (ST. INT. Figs. 1 and 2) is not well defined and the entire portion of the alimentary canal behind the oesophageal opening serves both as the stomach as well as the intestine.
Considering on strictly topographical basis that the intestine covers the region between the opening of the -pancreatic or the bile duct, whichever is most anterior, upto the beginning of the rectum, the ratio in Xenentodon comes to : This ratio falls within the range of Jacobshagen's carnivorous range.
However in such cases, where the limit of the stomach and intestine are not well defined the ratio of the length of the entire alimentary canal from the anterior oesophageal opening upto the anal opening appears to be more suggestive. Such a ratio in Xenentodon comes to 2.4 to 2.5. More work in this direction is necessary before such ratios can be considered useful.
Buccal Cavity and Pharynx
Buccal cavity is considerably elongated due to the presence of a long snout. It is narrow infront but becomes broader in the pharyngeal region.
There are no lips but the lower jaw is provided with a marginal fold (LAB. F. Fig. 2 , see External Features). This fold in living fish is constantly in motion and appears to be mainly sensory in function as it is supplied with sensory papillae.
It lies along the course of the mandibular part of the lateral line system. It ends on the tip of the mandibular symphysis where two pigmented circles indicate it termination.
Teeth
The distribution of teeth inside the buccal cavity is restricted to the upper and lower jaws and the pharyngeal bones. The lower jaw is slightly longer than the upper jaw. Each jaw is provided with a single row of teeth arranged in a definite pattern. Mainly there are two types of teeth. The larger variety has crown length of 3 to 4 mm. The other variety is considerably smaller and looks like small denticles.
All of them are, however, equally sharp and pointed. The distance between any two large-sized teeth runs upto 2 to 5 mm. In the intervening gap are found the smaller variety of the teeth. About 16 to 28 denticles are _ found in between the large-sized teeth. The total number of teeth in each half jaw is 9 to 11 of the larger size and 275 to 350 of the smaller "size. The teeth in the upper jaw fit into a groove (GR. The portion of the buccal cavity upto the last tooth in each jaw is simple. This portion is mainly concerned with the catching of the prey. The region of the buccal cavity behind the rows of teeth becomes broader and has additional structures which help not only in respiration but also in swallowing.
The floor of the posterior part of the buccal cavity is characterized by the presence of a tongue. The tongue is formed of a basihyal piece (B. HY. Fig. 2 ) covered by the mucous membrane of the mouth. However, the genohyoideus muscle (IMM. Fig. 2 ) which lies below and by the side of the basihyal forms a sort of thick raised mass which looks like a pad. This pad fits in snugly in a corresponding depression in the roof the mouth. In other teleosts e. g. Cyprinidae (Dorier and Bellon, 1952) , there is a thick palatine organ which meets a similar pad-like structure on the floor of the buccal cavity . In Xenentodon, the palatine organ is missing. Just infront of the depression in the roof and infront of the tongue mass in the floor of the buccal cavity lies a thin membranous fold. Each one of these upper and lower folds (M. 1. M. 2., Fig. 2 ) covers a pocket-shaped cavity . When the mouth is closed upper and lower membranes (M . 1. M. 2., Fig. 2 ) meet and shut of the buccal cavity during respiration . Some authors like Dahlgren (1898) , Mitchell (1904) and Gudger (1946) have called these D.P. Gupta membranes as inner lips. The tongue mass not only helps in respiration but also in holding the prey.
Oesophagus
The buccal cavity ends in pharynx (PH., Fig. 2 ) which is connected to the stomach-intestine by a narrow and small oesophagus. It has a rich coast of circular muscles and is in relationship with the pericardium and retractor muscles of the suprapharyngeal
bone. The opening of the oesophagus has the radiating folds which continue further inside longitudinally. Upper jaw has been cut from one side and reflected towards the right side to show the pharynx.
Stomach-Intestine
The oesophagus immediately passes into a large sac-like structure which can either be designated as the stomach or intestine (ST. INT., Figs. 1 and 2 ). According to the accepted view the limit of the stomach runs upto just ahead of the opening of the bile and pancreatic duct. If we accept this view the stomach is practically nil in Xenentodon. the other hand, stomach has been defined as a sac-like structure which immediately stores the food material after swallowing. In this case the whole portion from the oesophagus upto the ilio-rectal valve becomes the stomach. It is better to call this portion as the combined stomach and the intestine.
The pancreatic and bile ducts open into the anterior portion of stomach-intestine, just after the oesophagus on a small papilla. The openings are separate (B. OP., PANC. OP., Fig. 4 ).
Rectum
The stomach-intestine is separated from the rectum (REC., Fig. 2 ) by an ilio-rectal valve (IL. R. VAL., Figs. 3 and 4) . This valve is formed by a strong fold, of the wall of the alimentary canal of this portion and The rectum serves as a temporary storage house for undigested material. It is, however, very richly supplied by blood vessels (Gupta, 1969a) and the possibility of its acting as an accessory respiratory organ (apart from it being an absorptive organ) cannot be excluded.
Mucous Folds
The mucosa of the alimentary canal differs in the different regions. The appearance of the folds is shown in the Figs, 3 and 4. In the intestinal portion the folds are finger-shaped, like the typical villi.
Mechanism of Swallowing
Only Al-Hussaini (1949) has analysed the mechanism of swallowing in the Cyprinidae.
Xenentodon is different from many fishes in having a long snout. Its mechanism of swallowing is quite interesting and shows adaptations for catching and swallowing a live prey. The analysis of this process of swallowing shows the following stages. i) Mouth opens by the simple relaxation of adductor muscles as also by the activity of the sternohyoid muscle (Gupta, 1969) .
ii) The struggling prey is caught between the upper and lower jaws. The teeth penetrate into the flesh. The inter-mandibularis muscle not only fixes the two halves of the lower jaw but also helps in holding the prey from below. As the adductor muscles contract, the teeth are further put deep into the flesh of the prey. Alternate relaxation and contraction of the adductor mandibulae, goiiohyoideus and the sternohyoideus muscles in various degrees make the grip of the anterior teeth loose and the grip of the posterior stronger, creating a sort of rolling motion.
The food is brought into the posterior region of the buccal cavity, just behind the teeth rows, by the rolling action of the jaws. The prey is pressed by the thick pad present on the floor of the buccal cavity. The tongue with its thick mass of genohyoideus muscle also presses it upwards. The buccal cavity which was open and enlarged by the contraction of the pharyngeo-clavicular internus muscle now closes with the strong contraction of the adductor muscles. Floor of the buccal cavity is raised by the activity of the epibranchial, levator palatini and the elevator muscles (Gupta, 1969) of the suspensory apparatus.
A force of suction is created thrther by the activity of the pharyngeal and oesophageal muscles. The prey becomes practically unconscious at this stage.
The suprapharyngeal and infrapharyngeal plates (Gupta, 1971 ) with their sharp teeth now act. These plates along with their musculature form the main machine for pushing the food material into the oesophagus from the pharynx.
The superior pharyngeal plate moves forwards and backwards by the activity of the protractor pharyngealis and retractor pharyngealis muscles. The infrapharyngeal plate is the first to come in contact with the prey. This bone can be moved anteriorly by the rectus sub-branchialis muscle and posteriorly by the pharyngeo-clavicular externus muscle and ventrally by pharyngeo-clrvicular internus muscle. The alternate forwards and backwards movements of the supra-and infrapharyngeal bones with their sharp brush of teeth not only keep the grip tight but also move the prey inwards into the oesophagus .
Once even a portion of the captured material is under the influence of the oesophageal sphincter the deed is half done and pushing of the material into the stomach-intestine is accomplished soon. The swallowing differs from the herbivorous types. In herbivorous types the suction plays an important role but in carnivorous types such as Xenentodon, the capturing and holding of the struggling prey have to be done, in addition, upto the posterior part of the pharyngeal cavity.
Histology Buccal Cavity and Pharynx
The buccal cavity is lined by stratified epithelium. The thickness of this epithelium (STR. EP., Figs. 5 and 6) runs upto 5 to 7 layers of cells in the anterior part of the buccal cavity. They are mainly polyhedral but some of them are flattened.
The nucleus lies in the middle of the cell and is oval. The stratified epithelium is followed by a malpighian layer or basal layer (MAL. L., The stratum compactum forms a small projection on which the taste buds are placed. The sensory papillae do not rest upon projections of the stratum compactum.
The pharynx differs little from the buccal region. Its wall is, however, thicker than the buccal region. It has the same layers as the stomach and intestine (serosa, muscularis, submucosa and mucosa). The main differences are the great thickness of the circular muscles and presence of stratified epithelium with numerous mucous cells.
Stomach-Intestine
The stomach-intestine is composed of the following strata :
1. Serosa 2. Muscularis 3. Submucosa 4. Mucosa
The serosa (SE., Figs. 8 and 9 ) lines the stomach and intestine from the outside. It has a layer of connective tissue attached to the underlying longitudinal layer of muscles (LM., Fig. 8 ). It is followed by the longitudinal and circular layer (CM., Figs. 8 and 9 ) of muscles.
The longitudinal and circular layers are approximately of equal thickness in this area.
The submucosa can be divided into two parts. The heavy connective tissue (D. CON. T., Figs. 8 and 9) is located nearer to the layer of the circular muscles while the thin fibres (T. CON., Fig. 9 ) are found nearer to the basal membrane of the internal epithelium.
The thin connective tissue may be considered as the tunica propria (TP., Fig. 8 ). The muscularis mucosa is absent. The muscularis mucosa, when it is present, separates the tunica propria and the submucosa. The fibres of the submucosa and the tunica propria take intense collagen stain. The internal epithelium is made up of columnar epithelial cells (COE., Fig .  8 ) containing numerous unicellular glands. The entire surface epithelium is covered by a top plate. This top plate has also been named as the brush border (Hale, 1965) . It is (BB., Fig. 10 ) coloured red by Mucicarmine stain (Southgate, 1927) . The cells have spindle-shaped nuclei. Below the columnar layer lie wandering cells here and there . The blood capillaries penetrate into the surface epithelium also. The unicellular mucous glands are numerous.
They open into the lumen of the stomach-intestine.
Apart from the mucous glands another set of unicellular glands are seen here and there.
At first sight they appear to be immature mucous glands, however, careful observation shows that they differ from the mucous cells in their staining reaction . Mucous glands are stained pink by limes and Moriber's (1956) Napthol yellow S stain while these glands take an orange brown colour. In them the cytoplasm shows striations radiating away from the nucleus . The nucleus is towards the basal part of the cell . The cytoplasmic ridges or striations are stained pinkish by Haematoxylin and eosin stain . These glands (P. C., Fig. 10 ) also open on the surface. They are more in the posterior part of the intestine but are absent in the rectal region .
Q.P. Gupta
These cells superficially resemble the parietal cells of the gastric epithelium of the mammals. Hale (1965) has reported large rounded granular cells in the gut epithelium of Gastrosteus but has mentioned nothing regarding their opening towards the surface or their secretory function. Multicellular glands, formed as a result of the deep folds of the mucosa, are also visible in the stomach-intestine.
Rectum
It has the same general structure as the intestine, however, the muscular layer (CM., Fig. 11 ) increase in size. In the epithelium, only mucous cells (MG., Fig. 11 ) are visible. The ilio-rectal valve is in the form of highly enlarged muscular folds (M. IL. R. VAL., Fig. 12 ).
Associated Glands
1. Liver It is yellowish brown in colour with a single lobe and lies on the right side of the body besides the alimentary canal. Although single lobed, it is constricted at about its middle. Due to this constriction, an anterior and posterior portion can be distinguished in the liver. Between the two portions, the gall bladder lies on the right side while on the left side of the constriction the pancreas is located. The main cystic duct is joined by the anterior and posterior hepatic ducts from the two portions of the liver. The bile duct then runs anteriorly to open on a papilla inside the stomach-intestine (B. D., Fig. 14) . Liver is enclosed in a fibrous tissue capsule.
The cells of the liver are polyhedral. Among the liver cells are found the sinusoids (B. S., Fig. 13 ) or blood capillaries.
Between any two blood capillaries, at least 2 to 3 hepatic cells (HEP. C., Fig. 13 ) are seen. Bile capillaries as seen by Holmer's (1927) stain appear as minute canals between the hepatic cells (HEP. C., Fig. 13 ).
2. Gall Bladper It is greenish yellow in colour and is made up of an internal epithelial layer of columnar cells (COE., Fig. 15 ), a circular muscle (C. M., Fig. 15 ) layer combined with fibrous connective tissue and a thin peritoneal layer (SE., Fig. 15 ) on the outer surface (serosa).
The same layers are continued into the bile duct. The internal epithelium is thrown into folds inside the gall bladder as well as in the duct. The exocrine portion (Fig. 17) is made up of large pyramidal cells. These cells, however, become somewhat cuboid near the blood vessels. Each has a large round nucleus towards the base. In the portion away from nucleus large zymogen granules (ZY. GRA., Fig. 17 ) can be seen. They are stained deep blue by Holmer's (1927) stain. In Mallory's triple stain the nucleus is coloured red while the cytoplasm appears frothy. Nuclear pole of the cell however takes the uniform deep colouration in all stains e. g. Haematoxylin and eosin, Mallory's triple, Bailey's stain and Gomori's.
The entire pancreas is surrounded by a thin outer covering.
The acini of the pancreas have their covering inside the liver as well.
The endocrine portion of the pancreas is represented by a single islet of Langerhans (ISL. LAN., Fig. 17 ) which lies in the mesenteric portion of the pancreas. It is stained lightly than the exocrine cells and is surrounded by a thin membrane.
Summary
Xenentodon is a purely carnivorous fish. Its alimentary canal is divided into-(a) Buccal cavity and pharynx
The inner lips are present but a typical palatine organ is missing . Instead the tongue mass forms a pad which fits into a corresponding depression in the roof of the mouth. The inner lip and the tongue mass not only help in respiration but also in holding the prey. -There is a large sac-like structure representing both the stomach and intestine. 
